Abstract-The effects of sensory loss on central processing in various sensory systems have already been described. The olfactory system holds the special ability to be activated by a sensorimotor act, without the presentation of an odor. In this study, we investigated brain changes related to chronic peripheral smell loss. We included 11 anosmic patients (eight female, three male; mean age, 43.5 years) with smell loss after an infection of the upper respiratory tract (mean disease duration, 4.64 years) and 14 healthy controls (seven female, seven male; mean age, 30.1 years) in a functional magnetic resonance imaging experiment with a sniffing paradigm. Data were analyzed using group-independent component analysis and functional connectivity analysis. Our results revealed a spatially intact olfactory network in patients, whereas major aberrations due to peripheral loss were observed in functional connectivity through a variety of distributed brain areas. This is the first study to show the re-organization caused by the lack of peripheral input. The results of this study indicate that anosmic patients hold the ability to activate an olfaction-related functional network through the sensorimotor component of odor-perception (sniffing). The areas involved were not different from those that emerged in healthy controls. However, functional connectivity appears to be different between the two groups, with a decrease in functional connectivity in the brain in patients with chronic peripheral sensory loss. We can further conclude that the loss of the sense of smell may induce far-reaching effects in the whole brain, which lead to compensatory mechanisms from other sensory systems due to the close interconnectivity of the olfactory system with other functional networks. Ó 2015 The Authors. Published by Elsevier Ltd. on behalf of IBRO. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/ licenses/by-nc-nd/4.0/).
INTRODUCTION
Our sensory systems are highly plastic (Hubel and Wiesel, 1970; Goldstone, 1998) . This plasticity, which can be observed at both the cellular and cognitive levels (Bende and Nordin, 1997; Cadiou et al., 2014) , provides adaptive opportunities to optimize sensory function when learning and encountering new experiences (Gilbert and Sigman, 2007) . In contrast to these gains in function, trauma, injury, disease, and sensory deprivation can induce plasticity among sensory systems in a reductive manner (Merabet and Pascual-Leone, 2010) .
The olfactory system is extraordinarily plastic, due to mechanisms that have been the subject of extensive investigation (Barkai and Saar, 2001; Mainland et al., 2002; Wilson et al., 2004; Li et al., 2006) . For instance, despite acute nasal occlusion, both human olfactory acuity and primary cortical odor representations persist at normal levels, likely due to compensatory top-down mechanisms (Wu et al., 2012) . Based on previous findings, in which alterations in functional connectivity were induced by an olfactory training program in anosmic patients (Kollndorfer et al., 2014) , we have hypothesized that the extent and mechanisms of olfactory plasticity will hold critical clues about the brain mechanisms responsible for neural function and recovery. This is especially relevant given the loss of olfactory function in a great number of neurological conditions (Doty, 2008) .
The investigation into chemosensory processing in patients with smell loss is challenging, as they are not able to consciously perceive chemosensory stimuli. Thus, differences in neural activation patterns are expected between anosmic patients and healthy controls. However, the olfactory system has the special characteristic that it can be activated without the application of an odor solely by the primary sensorimotor component for olfaction -sniffing. Previous research has revealed that sniffing is not only a simple breathing technique to deliver the stimulus, but is also important for inducing neural activity in olfactory brain areas Abbreviations: EPI, echo-planar imaging; FCA, functional connectivity analysis; GIFT, Group ICA for fMRI Toolbox; GLM, general linear models; ICA, independent component analysis; ICs, independent components; NBS, Network-Based Statistics; TDI, Threshold-Detec tion-Identification; ROIs, regions of interest; SD, standard deviation.
Neuroscience 310 (2015) 589-599 (Sobel et al., 1998a,b; Mainland and Sobel, 2006) . Animal studies have shown that the sniffing amplitude influences activation in the olfactory bulb (Wesson et al., 2008) . Neural activation in primary olfactory areas is not necessarily contingent on odor stimulation. Previous literature suggests that the piriform cortex (Sobel et al., 1998a ) is activated by sniffing without the presentation of an odor.
In this study, we took advantage of olfactory network activation evoked solely by the sensorimotor act of olfaction-sniffing (Sobel et al., 1998a,b) -to determine the impact of chronic olfactory sensory loss on olfactory network activity. Similar approaches have been used in previous studies, including exploring motor imagery as an appropriate condition with which to investigate motor networks in patients with upper limb amputation (Diers et al., 2010) . We performed fMRI in anosmic patients with long-term smell loss due to an infection of the upper respiratory tract, and in healthy human subjects. We hypothesized that there would be sniff-induced neural activation despite peripheral olfactory loss in anosmic patients. To investigate processing networks and to gain deeper insight into the alterations caused by peripheral sensory loss, data-driven analyses, independent component analysis (ICA), and functional connectivity analysis (FCA) were performed.
EXPERIMENTAL PROCEDURES Subjects
Nineteen healthy subjects and 11 patients with smell loss after an upper respiratory tract infection participated in the study. Data from seven anosmic patients, who participated in another study, have been previously presented in Kollndorfer et al. (2014) . All control subjects had normal olfactory function and all participants had no history of neurological or psychiatric diseases. As depressive symptoms are known to interfere with olfactory function (Deems et al., 1991; Pollatos et al., 2007; Croy et al., 2014) , the Beck Depression Inventory II (BDI-II; Beck et al., 1996) was performed with all subjects. Only participants, who did not surpass the cut-off score of 13, which is defined as the threshold for mild depressive symptoms, were included in the study. Five healthy subjects had to be excluded from the data set. One did not reach normosmic values for olfactory performance, and four had to be excluded due to incomplete fMRI measurements, resulting in a total of 14 healthy subjects included in the analysis. Eleven anosmic patients (eight female, three male; mean age, 43.5 years, standard deviation (SD), 13.4; mean disease duration, 4.64 years, SD, 3.36) and 14 healthy controls (seven female, seven male; mean age, 30.1 years; SD, 6.7) completed all measurements. The only patients included in this study were those diagnosed with anosmia, the complete loss of olfactory function (Kobal et al., 2000) . An otorhinolaryngologist (C.A. M.) examined all patients, and the exam included an endoscopic examination of the nasal cavity, to determine the cause of olfactory dysfunction, and a clinical olfactory performance measure, in order to ensure that all participants met the criteria for anosmia or normosmia. All patients included in the analyses were determined to have acquired anosmia due to an infection of the upper respiratory tract. The study was performed in accordance with the Declaration of Helsinki (1964) , including current revisions and the EC-GCP guidelines, and was approved by the Ethics Committee of the Medical University of Vienna. All subjects were informed about the aim of the study and gave their written, informed consent prior to inclusion.
Olfactory performance
Olfactory performance was assessed using the Sniffin' Sticks test battery (Burghart Instruments, Wedel, Germany) . This clinically approved test battery includes three subtests that assess nasal chemosensory function-detection threshold, odor discrimination, and odor identification-using pen-like devices for odor presentation (Kobal et al., 1996 (Kobal et al., , 2000 Hummel et al., 1997) . All olfactory performance tests were performed using a standardized computer-controlled test protocol to prevent influence by the investigator. The olfactory detection threshold of n-butanol was assessed using a single-staircase, three-alternative, forced-choice procedure. Next, odor discrimination ability was obtained using 16 triplets of odorants (two pens contained the same odorant; the third pen contained an odd odorant). The participants' task was to detect the odd pen (forced choice). The odor identification task is composed of 16 common odors and uses a multiple-choice answering format, with a list of four descriptors for each odor. For the detection threshold, scores can range from 1 to 16, and a score between 0 and 16 can be achieved for the other two subtests. The results of all three subtests were summed to obtain a Threshold-Detection-Identifica tion (TDI) score. We defined anosmia based on clinical definitions (Kobal et al., 2000) . Specifically, anosmia was defined by a TDI score of 16 or less and normosmia, normal olfactory function, was defined by a TDI score of at least 31 (Kobal et al., 2000) .
Sniffing paradigm
The paradigm for the fMRI experiment was presented in a block-design consisting of five sniffing blocks and five normal breathing blocks, with each block containing eight breathing cycles with a block duration of 32 s. During the active sniffing condition, each sniff was characterized by a short and deep intake of breath through the nose. During the baseline condition, subjects were instructed to breathe normally through the nose. Subjects were trained in how to perform this paradigm correctly before each scanning session. No odor was presented during the scanning sessions. For temporal standardization, the subject's breathing cycles were guided by auditory stimuli, which were presented by speakers integrated in the scanner, throughout the whole experiment. For details on the presented auditory paradigm please see the supplementary materials.
Imaging acquisition
fMRI measurements were performed on a 3-Tesla Trio System (Siemens Medical Solution, Erlangen, Germany) using a 32-channel head coil, and optimized, 2D singleshot, gradient-recalled, echo-planar imaging (EPI), which included online EPI distortion correction with pointspread function mapping (Zaitsev et al., 2004) . Thirty-six slices (2.7 mm thickness, 0.5 mm gap) were acquired, with a field of view (FOV) of 210 Â 210 mm and an echo time (TE)/repetition time (TR) of 32/2000 ms. The slices were aligned parallel to the AC-PC line.
Data preprocessing
fMRI data were preprocessed using SPM12b (http:// www.fil.ion.ucl.ac.uk/spm/), implemented in MATLAB (Matlab 7.14.0, Release 2012a, Mathworks Inc., Sherborn, MA, USA), and included motion correction, spatial normalization to an MNI template, and spatial smoothing. Postprocessing included group ICA and FCA, using a seed-region approach.
ICA
In a first step, group ICA was performed to identify sniffinginduced functional networks. ICA is a data-driven methodology that can be used to separate data sets of multivariate signal characteristics into statistically independent components (ICs). Previous studies revealed that ICA is particularly appropriate for analyzing experiments using chemosensory stimulation (Scho¨pf et al., 2011; Frasnelli et al., 2012) . Group ICA was performed conjointly for the complete study sample, using the Group ICA for fMRI Toolbox (GIFT; http://icatb.sourceforge.net; (Calhoun et al., 2001) ). The number of ICs was estimated using the minimum description length (MDL) criterion (Li et al., 2007) , as implemented in GIFT as a default setting. ICA was performed using the Infomax algorithm (Bell and Sejnowski, 1997) after dimension reduction, using principal component analysis (PCA) in two consecutive reduction steps. The statistical reliability of estimated ICs was tested using the ICASSO algorithm (Himberg et al., 2004) , implemented in GIFT. Using ICASSO, the IC estimation was calculated 20 times, varying the initial conditions of the algorithm, as well as the bootstrapped data sets. In a last step, differences between the two groups were calculated using a two-sample t-test (FWE-corrected, p < 0.05) with SPM12b.
FCA
To explore functional networks in anosmic patients in more detail, a whole-brain FCA was performed. Therefore, additional preprocessing steps were accomplished using the CONN toolbox (WhitfieldGabrieli and Nieto-Castan˜on, 2012) (http://www.nitrc. org/projects/conn), implemented in MATLAB, including regression of nuisance parameters, which were extracted from the motion-correction process.
For analyzing functional connectivity between brain areas, the cerebral cortex was classified into 84 regions of interest (ROIs) based on Brodmann's cytoarchitectonic map (Brodmann areas; BA) of the human brain (Brodmann, 1909; Craddock et al., 2013) . As previous studies identified the cerebellum as an important region with respect to sniffing (Sobel et al., 1998b) , we additionally included the cerebellum into the FCA. For the division of the cerebellum into additional 28 ROIs, the probabilistic atlas SUIT (http://www.icn.ucl.ac.uk/ motorcontrol/imaging/suit.htm; (Diedrichsen et al., 2009 ) was used, resulting in a total of 112 ROIs in the FCA. Next, the CONN toolbox was used to calculate correlations of the mean time-courses between all ROIs at the single-subject level. These correlations were computed for the sniffing condition as well as for the rest condition.
In a next step, a whole-brain FCA at the group level was performed to uncover sniffing-related differences in connections between brain areas. Functional connectivity was defined as the Z-transformed Pearson productmoment correlation coefficient between time-courses. Z-scores were used to construct two connectivity matrices for each subject, representing functional connectivity during rest and task runs. For the group-level analysis, the Network-Based Statistics (NBS) method was used, which is utilized to tackle the multiple comparisons problem as described by Zalesky et al. (2010) , and was implemented in the NBS Toolbox for Matlab R2012. This approach has the advantage of exploiting the internal connectional structure of brain graphs during the correction step for multiple comparisons, and potentially offers a substantial gain in statistical power. Statistical inference with NBS is performed similarly to other, permutation-based tests for general linear models (GLM) (Winkler et al., 2014) . In order to quantify the effect of anosmia on the task-activated whole-brain functional connectivity, we performed a general linear model-based analysis, using a two-group (normal subjects vs. anosmic), twolevel per-subject (two-way Mixed Effects ANOVA) design. In this repeated measurements GLM, one level represented the functional connectivity at rest, while the other represented the functional connectivity during a task. Subject age and mean frame-wise displacement during the scans were added as covariates to the model, as age was identified as a possible influencing factor in functional connectivity (Damoiseaux et al., 2008) . The GLM analysis was run for each network edge, and the level of significance was calculated according to the description in Zalesky et al. (2010) , and a < 0.05 was accepted as significant.
Statistics
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS, Chicago, Illinois, USA), version 20.0. For the olfactory performance scores, mean and SD were calculated. To compare olfactory performance values between anosmic patients and healthy controls, the nonparametric Mann-Whitney test was performed due to the small sample size. Correlations of age and gender with olfactory performance were calculated using Pearson's correlation. The alpha level for all statistical tests was set at a = 0.05.
RESULTS

Olfactory performance
Anosmic patients achieved significantly lower scores in the olfactory performance measures compared to healthy controls (for all subtests and the TDI score: p < 0.001). Detailed results of olfactory performance are presented in Table 1 . The two subject groups did not differ significantly in the distribution of gender (v 2 = 0.649, p = 0.420) or educational background (v 2 = 7.618, p = 0.079). Healthy controls were statistically significantly younger compared to anosmic patients (T = 3.017, p = 0.009). However, neither age (anosmic patients: r = 0.269, p = 0.423; controls: r = À0.302, p = 0.294) nor gender (anosmic patients: r = À0.231, p = 0.494; controls: r = 0.088, p = 0.766) was significantly correlated with olfactory performance scores within the two subject groups.
fMRI results
In a first step, a group ICA was performed to test whether the sniffing paradigm activated the olfactory networks, as hypothesized based on the literature. Thus, in a second step, whole-brain FCA was performed to gain a deeper insight into the alterations of functional networks in patients with smell loss. In this study, only sniff-induced functional activation of the cerebral cortex was investigated.
Independent component analysis. Data from all subjects were submitted to a combined group ICA estimation, resulting in 44 ICs. Group ICA revealed an olfactory network, comparable to a network that has already been reported in healthy controls after stimulation with chemosensory compounds (Kollndorfer et al., 2015b) . The relevant IC was identified by visual inspection, based on the spatial distribution of the activation patterns. The network involved olfaction-related areas such as the piriform and the entorhinal cortices, the amygdala, and the thalamus. When the networks between healthy controls and anosmic patients were compared, using a two-sample t-test (threshold: T 23 = 6.886; p < 0.05, FWE-corrected), there were no significant differences in their spatial extent (see Fig. 1 ).
Functional connectivity analysis. The measures of the whole-brain network graph, obtained from a two-way ANOVA, consist of nodes (ROIs) and edges (connections between ROIs). This setting allowed for direct comparisons between the two groups (anosmics and controls) and between active (sniffing) versus baseline conditions. Comparing the whole-brain functional connectivity of anosmic patients with healthy controls (controls > anosmics) uncovered a broad variety of additional connections in healthy controls during the sniffing conditions (see Table 2 and Fig. 2) . The majority of the nodes with significantly higher functional connectivity incorporated brain areas known to be responsible for processing olfactory stimuli, including connections involving the anterior prefrontal cortex, the anterior cingulate cortex, the entorhinal cortex and the cerebellum. However, differences in functional connectivity were observed even beyond the common olfactory network, such as connections between the posterior cingulate cortex, the temporopolar area, and the fusiform gyrus, as well as connections from the fusiform gyrus to the primary motor and somatosensory areas.
In contrast, no additional functional connections were identified in anosmic patients compared to healthy controls (anosmics > controls) during the sniffing condition.
Interestingly, decreased functional connectivity in anosmic patients was observed only during the sniffing condition, but not at baseline (see Fig. 3 ). 
DISCUSSION
In the present study, a sniffing paradigm was used to investigate chemosensory network connectivity and spatial characteristics in patients with chronic peripheral smell loss. We showed that although the spatial extent of the olfactory network did not differ between patients and controls, the connectivity within this processing network was decreased for patients compared to healthy controls. This finding could be related to compensatory mechanisms by other eloquent sensory function in response to chronic peripheral loss. Olfaction is the phylogenetically and ontogenetically oldest sense (Breiphol and Apfelbach, 1986) and stands out among all other human sensory systems, especially in the domain of central processing, in that peripheral input can be processed without a thalamic relay. Furthermore, the olfactory network responsible for the sense of smell projects largely ipsilaterally within the brain (Lascano et al., 2010; Iannilli et al., 2013) . The spatial organization of the olfactory network is much more dispersed compared to other senses (for a review see Lundstro¨m et al. (2011) ). Secondary and tertiary areas of olfactory processing involve parts of the limbic system, and are thus closely linked to memory and emotional states . Moreover, the olfactory system holds the unique ability to be activated by the sensorimotor act of sniffing, without the presentation of an odor (Sobel et al., 1998a) . Due to this fact, the sense of smell is a powerful model for investigating the effects of peripheral sensory loss on central processing.
Previous studies identified various demographic variables that potentially influence olfactory performance. A frequently discussed topic with respect to olfactory performance is gender effects. In many studies females outperformed males (for a review see Doty and Cameron (2009) ). However, the general outperformance by female over male subjects with regard to overall olfactory function has led to contradictory results (Hummel et al., 2007; Derntl et al., 2013) . In this study, gender was not significantly correlated with olfactory performance, neither in anosmic patients, nor in healthy controls. Another important factor influencing olfactory performance is age. Various studies (Choudhury et al., 2003; Hummel et al., 2007) have shown that age significantly influences olfactory performance, resulting in poorer performance in elderly subjects. In this study, age was not significantly correlated with olfactory performance measures within the subject groups. Therefore, we assume that the difference in age between anosmic patients and healthy controls did not significantly influence the results of this study. However, age has also been reported to be an important variable in the investigation into functional connectivity networks in the brain (Damoiseaux et al., 2008) ; therefore, age was included as a covariate in the FCA. Another important factor in the investigation into olfactory dysfunction is the duration of the dysfunction from the onset of the disorder, as atrophy of olfaction-related brain regions increases with longer disease duration (Rombaux et al., 2009; Peng et al., 2013) . However, in our study disease duration was not significantly correlated with olfactory performance measures.
Our study aimed to investigate alterations in functional networks in patients with peripheral sensory loss. Using group ICA, an olfactory network that covers brain areas known to be involved in processing odors (Kollndorfer et al., 2015b) , such as the piriform cortex, the entorhinal cortex, and the thalamus, was detected in healthy controls, as well as in anosmic patients. This finding supports the hypothesis that the sensorimotor act of sniffing alone, without the presentation of an odor, activates an olfactory network (Sobel et al., 1998a) . Furthermore, no significant differences in the spatial extent of the functional network between anosmic patients and healthy controls were detected. Thus, although anosmic patients are unable to perceive odors, the olfactory network can still be activated by the sensorimotor component of odor perception-sniffing. In a study by Sobel et al. (1998a) , nasal occlusion, with a reduced airstream and sniffing volume, led to less Fig. 2 . Differential connectivity networks in healthy controls vs. anosmic patients (controls > anosmics). Graph edges represent the statistically different functional connections between the two groups after performing the NBS procedure (Zalesky et al., 2010) . Additional connections were only found in healthy controls compared to anosmic patients for the sniffing condition. Node sizes are proportional to the number of statistically different edges, and their color code refers to the cerebral lobes. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) functional activity during sniffing. This does not contradict our study, as a mechanical blockage and an intact olfactory airway would obviously cause differences in sniffing behavior, resulting in differing neural activation. When investigating the functional characteristics we detected significant differences in functional connectivity during the performed sniffing paradigm. Functional connections that were more activated to a greater degree by the sniffing paradigm in healthy controls by the sniffing paradigm mainly involved areas responsible for processing chemosensory stimuli, such as the entorhinal cortex or the primary somatosensory cortex. However, increased functional connectivity in healthy controls was also detected in a broad variety of brain areas even beyond the olfaction-related areas, such as the supramarginal cortex or the premotor area. This finding indicates that the peripheral loss of sensory perception may cause reduced functional connectivity not only in the sensory-specific network, but also in global brain networks. Thus, sensory loss has wide implications in functional networks in the brain. One possible explanation for the altered functional connectivity induced by smell loss may be the close interaction between the olfactory pathways, the limbic system and memory function. Due to the high interconnection of the olfactory system with other functional networks, a loss of chemosensory input may induce far-reaching effects in the whole brain. However, the detailed investigation into this finding should be part of future studies.
Interestingly, these alterations in functional connectivity were observed only for the sniffing condition, whereas no differences were found for the baseline condition. We therefore assume that a deprived olfactory system induced altered functional connectivity in anosmic patients, which was not limited to olfaction-related areas, but also involved a decrease in connections in the whole brain. A recently published investigation (Kollndorfer et al., 2015a) , examining a part of the participants of this study, revealed that altered functional networks were observed during chemosensory stimulation. Reduced functional connections were not only observed in the olfactory network, but also in the somatosensory and the integrative networks.
In the last few decades, a broad variety of studies have demonstrated the brain's capability to reorganize its function after traumatic injuries, stroke, or sensory loss (Bende and Nordin, 1997; Cadiou et al., 2014) . Previous research determined that sensory loss often induces functional and structural modifications of the brain (Bola et al., 2014; Qin et al., 2014) . Alterations of brain structure, as well as structural connectivity, have been identified in patients with smell loss. In addition, a decrease in gray and white matter has been detected in patients with smell loss (Bitter et al., 2010a) . The decrease in brain volume was detected not only for olfactory areas, such as the piriform cortex, but also for the anterior cingulate cortex or the anterior insula. It is assumed that volume loss is induced by a lack of sensory input (Bitter et al., 2010a) . The findings of our study are in accord with previous research that investigated structural alterations (Bitter et al., 2010b) , where a decrease in gray matter in anosmic patients was observed. However, the brain is able not only to reorganize its functional connections, but also to establish new functional and structural connections after severe damage in order to renew lost functions. The training of functions at the behavioral level has already been shown to cause the development of new functional (Vidyasagar et al., 2014) and structural connections (Vahdat et al., 2014) . Recently, this has also been shown for olfactory loss (Kollndorfer et al., 2014) . In that study, we demonstrated that an olfactory training program Damm et al., 2014) is not only successful at the behavioral level, but also induces functional brain reorganizational processes. Similar to studies on hearing loss (Liu et al., 2015) , resting-state fMRI may also be a promising tool with which to investigate functional networks in smell loss. However, basic research on olfactory networks at rest is needed to aid in the interpretation of spatial and temporal characteristics.
A potential limitation of this study is the small sample size of 11 anosmic patients. However, a very strict screening procedure was applied to obtain a homogeneous study sample. We included only patients with smell loss after an infection of the upper respiratory tract to avoid heterogeneity effects from the influence of different causes of smell loss. This is important since smell loss may be the first symptom of a neurodegenerative disorder, such as Alzheimer's or Fig. 3 . The figure represents network connectivity for task (x-axis) and rest conditions (y-axis) for healthy controls (red dots) and anosmic patients (blue dots). Functional connectivity was defined as the Z-transformed correlation coefficients between time-courses. All values are presented as mean Z-transformed Pearson productmoment correlation coefficient scores of all ROIs during task and rest conditions. Task connectivity was higher in healthy controls compared to anosmic patients, as healthy controls achieve higher Z scores on the x-axis. In contrast, no group differences were obtained for the rest condition, as no differences occurred in the distribution at the y-axis. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
Parkinson's disease (Mesholam et al., 1998; Doty, 2012) . Another limiting factor of the present work is the statistically significant difference of age between the two subject groups. However, age was included as a covariate in all analyses, and we, therefore, assume that the differences in age did not influence the results of the present study.
CONCLUSION
In this study, we were able to show that patients with anosmia, after a sinunasal infection still have an intact functional olfactory network, which can be investigated and activated by a sniffing paradigm. However, the results of this study revealed a significant decrease in functional connectivity in anosmic patients. Although this reduced functional connectivity mainly affects olfactionand sensory-related brain areas, a decrease in functional connections was observed even in global brain networks. Based on the findings of this study, we believe that peripheral sensory loss affects not only sensory-specific functional networks, but also induces far-reaching alterations in neural networks in the whole brain.
